A methanol extract of the leaves of Blumea balsamifera (L.) DC. (Asteraceae) afforded a new guaian-type sesquiterpene, epiblumeaene K (1), together with four known guaian-type sesquiterpenes (2-5), three known sesquiterpenes (6-8), and nine known flavonoids (9-17) by a combination of chromatography and preparative TLC techniques. Their structures were elucidated by extensive spectroscopic methods and comparison with the literature data. Among the isolated compounds, a known sesquiterpene, -caryophyllene 8R,9R-oxide (6), exhibited a significant PTP1B inhibitory activity in a dose-dependent manner, with an IC 50 value of 25.8 M (5.62 g/mL).
Protein tyrosine phosphatase 1B (PTP1B) is an enzyme found in important insulin-targeted tissues such as liver, muscle, and fat. PTP1B plays a key role as a negative regulator in insulin signal transduction [1] , by dephosphorylating activated insulin receptors (IR) or insulin receptor substrates (IRS) [2] . In excess, PTP1B will impair insulin down-regulation [3] leading to type II diabetes mellitus. PTP1B is also found in the brain where it has an important role in energy regulation by interfering with the leptin receptor and this has implications for the body weight status. Mice lacking neuronal PTP1B fail to gain weight [4, 5] . These studies suggest that PTP1B inhibitors can be employed as agents for the treatment of type II diabetes mellitus or reduce fat content reduction in obese patients. Thus, PTP1B inhibition using small molecules is attracting interest in the research area of drug discovery for the treatment of type II diabetes and obesity [6] .
In the course of our study on the search for PTP1B inhibitors from Indonesian plants, we found that a methanol extract of Blumea balsamifera (L.) DC. (Asteraceae) showed potent PTP1B inhibitory activity with an IC 50 value of 5.73 g/mL [7] . In Indonesia, the leaves of B. balsamifera, locally called daun sembung or sembong, are used as a carminative and stomachic, and to treat anorexia, malaria, fever, menstrual disorder, and heart diseases [8] . Of the constituents, sesquiterpenes were reported to have NO inhibitory activity [9] and flavonoids to have tyrosinase inhibitory activity and cytotoxicity [10] . However, the activities relating to diabetes or weight control have not been reported. Thus, we conducted an examination of its PTP1B inhibitory constituents, which resulted in the isolation of a new sesquiterpene (1) and 16 known compounds (2-17). Here we report their structures, together with their PTP1B inhibitory activity.
The powdered leaves of B. balsamifera were extracted with MeOH. The dry MeOH extract was successively extracted with EtOAc and n-hexane. Then, these fractions were separated by repeated column chromatography, followed by purification by preparative TLC, to give a new compound named epiblumeaene K (1), together with 7 , which is the same as that of 2. Moreover, the 1 H and 13 C NMR spectroscopic data of 1 were similar to those of 2 (Table 1) , indicating 1 to be a stereoisomer of 2.
The COSY and HMQC spectra of 1 indicated the presence of the partial structures depicted by bold lines in Figure 2a were quite similar, but differences were observed in the chemical shifts of CH-18 and CH 3 -19 in the 2,3-dihydroxy-2-methylbutanoyl residue ( Table 1) . This fact and the ROESY correlation between H-7 and H-9 ( Figure 2b ) indicated that 1 should be a stereoisomer of 2 at the 2,3-dihydroxy-2-methylbutanoyl residue.
Concerning the relative configuration of the two stereocenters in the 2,3-dihydroxy-2-methylbutanoyl residue, the difference in the chemical shifts ( value) between the signals of the two methyl groups of the threo-2,3-dihydroxy-2-methylbutanoate residue was small (≤ 0.1 ppm), while that of the erythro-form was large (≥ 0.2 ppm) [16] . The  value of the 2,3-dihydroxy-2-methylbutanoyl residue in 1 was 0.10 ppm, which indicated the threo-configuration of the 2,3-dihydroxy-2-methylbutanoyl residue. With regard to absolute configuration, 1 was supposed to have the absolute configuration depicted in Figure 1 , because it was considered to be biosynthesized from the congeners 3 and 5 (Figure 3) .
The relative configuration of the 2,3-dihydroxy-2-methylbutanoyl residue in 2 was not specified [10] . However, the threoconfiguration of 1 suggested that 2 could have the erythro-form because compounds 1 and 2 were considered to be stereoisomers at the 2,3-dihydroxy-2-methyl-butanoyl residue. The effect of the isolated compounds on the dephosphorization by PTP1B was assayed according to the reported procedure [17, 18] ( Figure 5 ). Among the compounds isolated, only -caryophyllene 8R,9R-oxide (7) demonstrated a significant activity, with an inhibitory rate of 86.3% at 10 g/mL. The inhibitory activity of 7 was concentration-dependent and the IC 50 value was calculated as 25.8 M (5.6 g/mL), while the positive controls, RK-682 and ursolic acid, showed inhibition with IC 50 values of 5.6 and 3.4 M, respectively. Then, in order to examine selectivity, we examined the inhibitory activity of 7 against T cell protein tyrosine phosphatase (TCPTP), which has 74% homology with PTP1B and implicates the immune system [19] . Compound 7 inhibited TCPIP concentrationdependently, with an IC 50 value of 12.5 M (2.75 g/mL), almost the same as that against PTP1B.
We examined the PTP1B inhibitory constituents of the Indonesian medicinal plant, Blumea balsamifera and identified -caryophyllene 8R,9R-oxide as a PTP1B inhibitory constituent. Previously, some caryophyllenes were reported to exhibit the potential for inflammation [20] , pain, atherosclerosis, and osteoporosis through endocannabinoid receptor type 2 activation [20b], anti arrhythmias [21] , and to synergize the effect of the anticancer paclitaxel [22a] . However, this is the first report of anti-diabetes or anti-obesity activity.
Experimental
General: Optical rotations were recorded on a JASCO DIP-140 digital polarimeter. IR spectra were measured with a Shimadzu IRB-408 spectrophotometer in CHCl 3 solution. NMR spectra were recorded on a JEOL JNM-LA400 spectrometer with tetramethylsilane (TMS) as an internal standard. HR-ESI-MS were obtained on a Shimadzu LCMS-IT-TOF TM mass spectrometer.
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Plant material: Leaves of

Extraction and fractionation:
The powdered leaves (500 g) were macerated in MeOH (3 × 10 L, 1 h each) and the MeOH solution filtered and evaporated under reduced pressure to give a dry MeOH extract (14 g). This was successively extracted with EtOAc and nhexane (2 × 2 L, 40°C, 1 h each) to yield an EtOAc-soluble fraction (5.2 g) and a n-hexane-soluble fraction (2.9 g), respectively.
Separation of n-hexane-soluble fraction:
The n-hexane-soluble fraction was separated by MPLC on a silica gel column (40-50 μm, 3 × 15 cm, precolumn 3 × 7 cm, flow rate 20 mL/min) eluted using a step gradient of n-hexane-CHCl 3 (50-100% CHCl 3 ) and then MeOH-CHCl 3 (0-20% MeOH). Fractions of 100 mL each were collected and combined to 11 fractions based on their behavior on TLC (fr. (15 mg) . Fraction 4 (287 mg) was separated by Sephadex LH-20 column chromatography (3.5 × 20 cm) with MeOH to 9 subfractions (fr. 2-1 to fr. 2-9). Fraction 2-1 (170 mg) was subjected to preparative TLC with MeOH-CHCl 3 (5:95) to yield 7 (11 mg) and 5 (4.4 mg). Fraction 3 gave 16 (22 mg) as a precipitate. Fraction 5 gave 14 (6 mg) as a precipitate on addition of acetone, while the acetone solution gave 15 (9 mg) by reverse-phase preparative TLC with acetonitrile-MeOH-H 2 O (1:1:2). Fractions 6 (33 mg), 11 (68 mg), 12 (60 mg), and 14 (50 mg) were separately subjected to reversed-phase preparative TLC with acetonitrile-MeOH-H 2 O (1:1:2) to give 9 (6 mg), 5 (12 mg), 13 (3 mg), and 10 (17 mg), respectively. Fraction 13 gave 17 (43 mg) as a precipitate.
